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® A doubte-sided optical storage disk (31) com- 
prises a single substrate having a microstructure 
formed on each side surface thereof. The micro- 
structure is in the form of grooves or pits arranged in 
a spiral or concentric circles. Formed on each side 
surface of the substrate (110) are a reflective layer 
(120), and a transparent protective layer (150). The 
reflective layer is formed of aluminum alloy. The 
protective outer layer is formed of a transparent anti- 
corrosive material, specifically compatibly with an 
air-bearing, low-flying, read head, preferably silicon 
nitride. 
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FIELD OF THE INVENTION 

This invention relates generally to storage me- 
dia for disk drives, and more particularly, to optical 
read-only and rewritable storage media. 

BACKGROUND OF THE INVENTION 

Like attics and garages, disk storage systems 
always seem to be full. As technical development 
continuously moves to greater storage capacities to 
keep pace with increased demand, the construction 
and arrangement of the recording media must like- 
wise be improved. 

A conventional high capacity magnetic disk 
storage system typically includes a plurality of 
disks spaced axially on a rotationally mounted 
spindle. Disk storage systems attain high storage 
densities by utilizing the maximum number of data 
surfaces for recording information within a given 
volume. For example, an industry standard "5 1/4 * 
inch" (approximately 130 mm) disk storage system 
may store 600 MB on five disks, each disk storing 
60 MB on each of its two surfaces. The number of 
disks that can be accommodated within a given 
form factor, or industry standard dimensions are 
limited by the height of the disk stack, the spacing 
between the disks, and the thickness of the disks. 

Higher recording densities for optical media 
such as CDs can also be achieved by decreasing 
the distance between the read head and the stor- 
age media of the disk drive. Decreasing the fly 
height of the read head allows for the reading of 
data recorded at greater densities. 

However, when the fly height is decreased, the 
roughness or asperity of the disk surfaces is a 
major concern. To ensure reliable operation, asper- 
ities are generally maintained at less than 60% of 
the head fly height. Likewise, static build-up on the 
magnetic surface of the disk is kept to a minimum 
to reduce static-friction ("stiction") which would 
tend to interfere with the flying of the heads. 

Conventional optical storage systems have re- 
alized high storage capacities by virtue of the fact 
that optical recording techniques allow recording 
densities substantially greater than those used with 
magnetic media. Optical storage systems have 
evolved from write-once, read-only to systems that 
have rewritable capabilities. The introduction of 
magneto-optical ("M-O") media in particular, per- 
mits dynamic and bit wise modification of informa- 
tion after it has been initially recorded. 

In a typical M-0 storage system information is 
recorded on the media by directing a relatively 
intense, focused beam of light through an optically 
transparent substrates (substrate incident) at a 
small domain in a recording layer. The recording 
layer is generally an amorphous, vertically oriented, 



magnetic film preferably made of a rare-earth tran- 
sition-metal alloy, such as Tb-Fe, Tb-Fe-Co, Gd- 
Co, Gd-Tb-Fe, or Gd-Fe. When the domain is heat- 
ed to a Curie temperature in the presence of an 

5 external biased magnetic field, the domain is mag- 
netically polarized to align with the external mag- 
. netic field. At the end of a write pulse the heated 
domain cools down and regains its permanent 
character, storing information as a vertically ori- 

w ented magnetic domain. The orientation of the do- 
main, up or down, indicates either a logical 1 or 0. 

Information is read from the recording layer by 
directing a less intense beam of polarized light 
through the substrate at the recording layer. The 

is polarization of the beam of light is partially rotated, 
for example, a fraction of a degree clockwise, or 
counterclockwise, by the magnetically oriented do- 
mains of the recording layer by either the Kerr or 
the Faraday effect. In the Kerr effect the incident 

20 lightbeam is reflected at the recording layer; in the 
Faraday effect the polarized lightbeam passes 
through the material rather than being reflected 
from its surface. The return lightbeam essentially 
retraces its path to a differential detector which 

25 decodes the polarization-modulated lightbeam into 
bits of information. 

A typical M-0 storage device may store, for 
example, 600 MB on a single surface of one 5 1/4 
inch (130 mm) disk. However, optical path restric- 

30 tions, and dimensional limitations related to the 
optical components, that is the various lasers, len- 
ses, mirrors, beam splitters, and prisms, have gen- 
erally not allowed the use of closely spaced multi- 
disk arrangements in compact industry standard 

35 packages such as those which are commonly used 
for magnetic storage devices. Also, because of 
their relative size, the optical read/write compo- 
nents of known systems are relatively remote from 
the media surface, and therefore surface asperity 

40 and stiction have generally not been a major con- 
cern in optical media design. 

Increased capacity optical storage systems 
have typically used, for example, juke-box type of 
mechanical means that tediously present single 

45 disks to the optical system for writing and reading 
information. Some optical storage systems which 
do use double-sided disks include means for flip- 
ping the disk over to permit access to both sides of 
the disks by a single fixed optical system. At an 

so increased cost, such double-sided disk systems 
have been provided with duplicate optical systems 
to permit simultaneous access to both sides of the 
disks. Alternative solutions include systems where 
the optical system is mounted on a movable arm 

55 which can be positioned axially to select a surface, 
and radially to access information recorded on one 
of the disk surfaces. 
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For these, and other reasons, optical storage 
systems are typically more amenable with applica- 
tions that use sequential access to the recorded 
information, such as CDs, video disks, and archival 
storage systems. In general, optical storage sys- 
tems have not concerned themselves with minimiz- 
ing the spacing between the disks, and reducing 
the thickness of the disks to permit the construc- 
tion of a compact high capacity, random access, 
multi-disk optical storage device. 

For optical storage systems that do use dou- 
ble-sided media to increase their recording capacit- 
* ies, the double-sided disk is typically nothing more 
than two single sided disks meticulously arranged 
with one another in a confronted relationship. Each 
disk in such a paired arrangement includes an 
optically transparent substrate with spiral or con- 
centric relief in the form of grooves or pits formed 
on one surface thereof. The relief provides the disk 
with a pre-formatted structure for storing informa- 
tion and facilitates tracking of the lightbeam. 

The signal recording layer is deposited on the 
reliefed surface of each disk. The two, thus fab- 
ricated, single sided disks are then carefully 
aligned and bonded to each other with the signal 
recording layers being directed inwardly. The out- 
wardly facing surfaces of the disks are usually 
coated with a protective layer, or lubricant to mini- 
mize corrosion, and wear and tear ("theology"). 
The disadvantages of such a double-side disk are 
numerous. Since this type of disk uses two sub- 
strates, the total thickness of the finished disk is at 
least twice the thickness of the substrate, increas- 
ing the total space required for using such a disk in 
a multi-disk configuration. The increased weight of 
the disk increases the time and power required to 
spin the disk up to operational speed, and subject 
the drive motor to undue wear and tear. For sub- 
strate incident media, the substrate must be 
formed by a carefully controlled injection molding 
process to produce good transmittance and 
birefringence characteristics. The. requirement for 
precise alignment and registration of the two sub- 
strates furthermore decreases process yield while 
increasing process cycle time. In addition, the sur- 
face topology of known optical disks is generally 
too rough to be compatible with low-flying air- 
bearing read/write heads. Excessive asperity and 
stiction increase the probability of fatal collisions if 
used with a low-flying air-bearing read/write head, 
as are commonly used with magnetic storage sys- 
tems. 

Accordingly, the known medium for optical disk 
storage systems increase the cost of assembly, 
require a carefully controlled injection molding pro- 
cess, and moreover, are not compatible with com- 
pact high capacity, multi-disk storage devices us- 
ing low-flying air-bearing read/write heads. 
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It will also be appreciated from the foregoing 
that there is room for further improvement to the 
media proposed in the prior application. Specifi- 
cally it would be desirable, that read-only storage 

5 media be provided which is compatible with mag- 
neto-optical storage media as defined in the prior 
application cross-referenced above, so that either 
rewriteable media, or read-only media can be used 
in the same disk storage system. 

70 A common method of manufacturing of a read- 

only optical storage media generally includes the 
steps of forming a microstructure on the informa- 
tion bearing surface of a substrate. The microstruc- 
ture generally is in the form of depressions or pits 

is arranged in a spiral or concentric tracks. The 
microstructure can be formed by conventional em- 
bossing or molding techniques. 

For read-only media, the microstructure usually 
has a depth which is approximately equal to 1/4 the 

20 wavelength of the light beam that is used to read 
the data. A reflective layer, generally a metal alloy, 
is formed on the substrate to reflect the lightbeam. 
The microstructure increase the distance that the 
lightbeam travels during its incident and return 

25 paths by 1/2 wavelength. Destructive interference 
causes the intensity of the lightbeam to vary. The 
return light beam which is reflected at the substrate 
surface is sensed and decoded to yield digital 
signals corresponding to the data recorded in the 

30 microstructure of the disk. 

In order to prevent damage to the reflective 
layer or the microstructure of the substrate during 
handling or by moisture, a protective layer is 
formed on the reflective layer. Prior art read-only 

35 disks have used a lacquer, a polycarbonate resin, 
or a thin glass plate. 

However, such relatively thick protective layers 
are not compatible with low flying air bearing read 
heads. Therefore, the read heads and optical com- 

40 ponents such as focusing lenses are placed at a 
substantial distance from the recording surfaces of 
the disk. In a typical prior art read-only disk, the 
head may be as far as .001 centimeters from the 
surface, severely limiting the recording densities 

45 used to store information. 

Low flying, low mass, air-bearing read heads, 
also known as sliders, such as are commonly used 
with magnetic media, typically fly at a distance of 
about .00001 centimeters form the disk surface. 

50 The relatively lack of asperity of the prior art read- 
only disk surfaces have generally not allowed the 
use of low flying sliders to achieve greater storage 
densities. 

Therefore, it is desirable to provide optical me- 
55 dia which can be used with a disk storage device 
which: is easy to manufacture with automated as- 
sembly equipment; uses minimal and inexpensive 
materials; is compatible with low-flying air-bearing 

3 
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read/write heads, and provides for an increased 
storage capacity without increasing the overall size 
of the system. Furthermore, it is desirable, for such 
media to be compatible with both read-only and 
rewritable optical storage systems, be they fixed or 
removable. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, 
there is provided a low-profile magneto-optical me- 
dia for double sided recording of information. The 
media comprises a single substrate having a Pre- 
formatted relief in the form of tracking grooves or 
sampled-servo pits on each side surface thereof. 

The invention in its broad from resides in an 
optical disk assembly for storing information, as 
generally recited in claims 1 , 5, 6 and 8. 

Formed on each of the reliefed side surfaces 
are the active layers of the media comprising thin- 
film materials which provide an optically transpar- 
ent, low stiction, and asperity-controlled surface 
topology compatible with an air-incident lightbeam 
and a low-flying read/write head. The active thin- 
film layers, from the substrate outward are a reflec- 
tive layer, a transparent dielectric layer, a magneto- 
optical recording layer, and a transparent protective 
layer. 

The reflective layer is preferably formed of 
aluminum alloy. The dielectric layer is preferably 
formed of aluminum nitride or silicon nitride. The 
recording layer is formed of an amorphous verti- 
cally oriented magnetic material, preferably a rare- 
earth transition-metal alloy, for example, Tb-Fe-Co. 
The protective outer layer is formed of a transpar- 
ent anti-corrosive material having sufficiently low 
stiction surface characteristics, specifically com- 
patible with an air-bearing, low-flying, read/write 
head, preferably silicon nitride and an air incident 
lightbeam. That is, the stiction characteristics of the 
surface are sufficiently weak that they allow a flying 
read/write head to fly at a predetermined low 
height. 

According to another aspect of the present 
invention, the substrate surface is partitioned into 
annular grooved and non-grooved zones. During 
the dynamic loading and unloading of the 
read/write heads of the device, the heads are pro- 
positioned above the non-grooved or "loading" 
zone of the disk surface. Thus, should the heads 
accidentally touch down on the surface during 
loading or unloading information will not be damag- 
ed. Also, by providing the disk surface with a 
loading zone, the disk may be used with static 
contact start/stop heads which are, because of ex- 
cessive wear and tear, generally not tribologically 
compatible with annular grooved surfaces, particu- 
larly if such surfaces are lubricated. 



According to a further aspect of the invention, a 
plurality of single substrate, double-sided disks are 
spaced closely apart about a rotatably mounted 
spindle to provide at least ten recording surfaces 

5 for a M-0 storage device in a 5 1/4 inch (130 mm) 
form factor package. 

In accordance with another aspect of the inven- 
tion, there is provided a low asperity read-only 
optical media which provides for the recording of 

w information on both sides thereof. The media com- 
prises a single polycarbonate substrate having a 
microstructure formed on each side surface of the 
substrate. The microstructure is in the form of 
depressions or pits arranged in a spiral or concen- 

75 trie circles. 

Deposited on each side surface of the sub- 
strate are a reflective layer, and a transparent pro- 
tective layer. The reflective layer is preferably 
formed of aluminum alloy. The protective outer 

20 layer is formed of a transparent anti-corrosive ma- 
terial, specifically compatibly with an air-bearing, 
low-flying, read head, preferably silicon nitride. 

According to another aspect of the read-only 
embodiment of the present invention, the substrate 

25 surface is partitioned into two annular zones. A first 
zone including the microstructure, and the second 
zone does not. That is, the second zone is sub- 
stantially 'flat. During the dynamic loading and un- 
loading of the air-bearing read heads, the head is 

30 pre-positioned above the flat zone of the disk sur- 
face. Thus, should the heads accidentally touch 
down on the surface during loading and unloading, 
information will not be damaged. Also, by providing 
the disk surface with a flat ungrooved zone, the 

35 disk may be used with static start/stop heads. 

In yet another embodiment of the invention, 
there is provided a low asperity optical hybrid 
media for recording some information as read-only, 
and recording some information as rewritable. 

40 In one form, the hybrid media comprises a 

single substrate having a microstructure on a first 
side surface which is compatible with magneto- 
optical recording methods. The first side surface 
includes from the substrate outward a reflective 

45 layer, a transparent dielectric layer, a magneto- 
optical recording layer, and a transparent protective 
layer. 

The second side surface of the substrate hav- 
ing a microstructure compatible with read-only re- 

50 cording methods. The second side surface in- 
cludes from the substrate outward a reflective lay- 
er, and a transparent protective layer. 

In another form, the surface of the hybrid me- 
dia is partitioned into two annular zones. A first 

55 zone includes a microstructure compatible with 
magneto-optical recording methods. A second zone 
includes a microstructure compatible with read-only 
recording methods. The active thin-film layers de- 
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posited on the side surface include from the sub- 
strate outward a reflective layer, a transparent di- 
electric layer, a magneto-optical recording layer, 
and a transparent protective layer. 

In yet another form of the hybrid media, some 
of the information, such as for example, servo, or 
formatting data, is recorded as read-only, and other 
information, such as user data is rewritable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more detailed understanding of the invention 
may be had from the following description of pre- 
ferred embodiments, given by way of example and 
to be understood in conjunction with the accom- 
panying drawing wherein: 

Figure 1 is a perspective view, partially broken 
away, of a multi-disk, magneto-optical storage 
system which can use the device of the present 
invention; 

Figure 2 is a side elevated view, partially broken 
away of the head assembly and disk of Figure 
1; 

Figure 3 is a fragmentary perspective view of a 
double-sided disk according to one embodiment 
of the invention; 

Figure 4 is a cross-sectional view, partially 
broken away, of the disk of Figure 3 along line 
4-4; 

Figure 5 is a cross-sectional view of a double- 
sided, read-only disk media according to an 
embodiment of the invention; 
Figure 5A is a partial enlargement of the view of 
Figure 5; 

Figure 6 is a cross-sectional view of a hybrid 
read-only/rewritable optical disk media; 
Figure 7 is a cross-sectional view of another 
arrangement of a hybrid optical disk media; and 
Figure 8 is a cross-sectional view of yet another 
arrangement of a hybrid disk media. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a multi-disk optical storage 
system 10 comprising a optical assembly 20, a 
disk assembly 30, and a carriage assembly 40 
firmly secured on a mounting base 5. 

The optical assembly 20 comprises a single 
stationary laser source and detector 21 emitting a 
lightbeam, generally indicated by a broken line 22. 
The directed lightbeam 22, as will be explained in 
further detail herein, is used to write and read 
information on the storage media of the disk as- 
sembly 30. For that purpose, the lightbeam 22 is 
concurrently distributed, by means of various sta- 
tionary and movable mirrors, for example a mir- 
rored galvanometer 23, polarizers, beam splitters, 
lenses, and prisms, to the various surfaces the disk 
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assembly 30. At the recording media of the disk 
assembly 30, the lightbeam 22 is reflected to es- 
sentially retrace its path back to the detector 21. 
The disk assembly 30 comprises a plurality of 

5 double sided disks 31 axially spaced about a 
rotatably mounted spindle 32. The system 10 has, 
for example, six double sided disks 31. The top 
surface of the top disk and the bottom surface of 
the bottom disk are generally not used for informa- 

10 tion storage purposes. Thus, the system 10 has, by 
way of example, five pairs of opposingly facing 
data surfaces for recording information. The disk 
assembly 30 is compatible with a so called "5 1/4 
inch" form factor drive. The term "form factor" 

75 means the external outline, (height, width and 
length), required for the drive assembly including 
its on-board control electronics. It should be noted, 
that the system 10 can also be made compatible 
with other form factors. 

20 The recording media on the surfaces of the 

disks 31, as will be discussed in greater detail 
herein, are layered on a circular substrate entirely 
by thin-film forming techniques such as sputtering 
or vacuum deposition. As previously stated, for 

25 rewritable disks the recording media uses mag- 
neto-optical (M-O) effects. The feature which is 
common M-0 media is a layer of magnetic material 
that has the axis of magnetization perpendicular to 
the amorphous thin-film surface and for which the 

30 Kerr effect is great. 

The substrate is generally "pre-formatted" with 
microscopic surface relief 33 in the form of, for 
example, tracking grooves or servo-sampled pits to 
provide a physical structure for storing information. 

35 The grooves or pits can be formed by conventional 
embossing or molding techniques. The grooves 33, 
when used for storing randomly accessible infor- 
mation, are usually formed in closely spaced con- 
centric circles, commonly known as tracks. How- 

40 ever, the apparatus of the invention, as disclosed 
herein, can also be used with substrates grooved in 
a spiral configuration. Spirally reliefed disks are 
typically used with systems storing primarily se- 
quentially accessible information. 

45 The carriage assembly 40 comprises a linear 

actuator 50 and carriage body 60. The linear ac- 
tuator 50 includes two motor housings 51 contain- 
ing permanent magnets, spaced apart and secured 
to the mounting base 5 with the carriage body 60 

50 disposed therebetween. The carriage body 60, in- 
cludes a plurality of integrally formed cantilevered 
carriage arms 64. The carriage arms 64 are verti- 
cally ganged one above one the other. There are, 
for example, five carriage arms 64 for insertion 

55 between the six disks 31 of the disk assembly 30. 
Each of the carriage arms 64 is identically shaped 
and dimensioned for positioning the read/write 
head assemblies 66 adjacent to the recording lay- 

5 
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ers of the disks 31 . 

Now also with reference to Figure 2, each of 
the head assemblies 66 comprises an objective 
lens 67 for focusing the lightbeam 22. The head 
assembly 66 also includes a slider 83 having a 
miniature magnetic coil, not shown, for polarizing 
the recording media of the disk 31, and a micro- 
scopic optical aperture 84 for the focused light- 
beam 22 to pass through. Also attached at one free 
end of each of the carriage arm 64 is a triangular 
or prismatically shaped mirror, hereinafter referred 
to as folding prism 90. Each prism 90 has two 
planar reflective surfaces 91 arranged at ninety 
degrees with respect to each other for directing the 
lightbeam 22 at one of the objective lens 67 which 
focuses the lightbeam 22 onto the surface of the 
disk 31. 

The laser source 21 of the optical assembly 
20, typically a laser diode, emits a diverging light- 
beam 22 which is collected and collimated by a 
lens and made circular by a prism. This circular 
lightbeam 22 is selectively aimed by various optical 
components, including lenses, mirrors, beam split- 
ters, and prisms, at the reflective surface 91 of the 
folding prisms 90. 

At the reflective surface 91 the horizontal light- 
beam 22 is folded over into a vertical direction and 
directed through the objective lens 67, the optical 
aperture 84 in the slider 83 to be focused at the 
recording layer of the disks 31 . 

To write information on rewritable media, a 
relatively high intensity lightbeam 22 is used, for 
example in the range of about 8 to 15 mW. The 
lightbeam 22 is directed at the recording layer to 
be time and space coincident with the biased mag- 
netic field created by the magnetic coil of the slider 
83. Heating a domain in the presence of the biased 
magnetic field vertically orients the amorphous 
magnetic layer according to the orientation of the 
external magnetic field. 

To read information on rewritable media, a 
relatively low intensity polarized lightbeam 22 is 
used, for example in the range of about 2.0 to 2.5 
mW, depending on the rotational frequency of the 
spinning disks 31. During reading, the polarized 
lightbeam 22 is rotated clockwise or counterclock- 
wise through an angle in the range of about 0.6 to 
2.0 degrees at the recording layer by the Kerr 
effect. The lightbeam 22 is reflected at the surface 
of the disk 31 to essentially retrace its path to a 
polarizing beam splitter. 

Conventional beam splitting techniques are 
well-known and generally include a polarization 
sensitive prism. The prism splits the return light- 
beam into "up" and "down" components corre- 
sponding to the clockwise or counterclockwise an- 
gles induced by the Kerr effect. The thus spilt 
lightbeam is then directed at conventional photo- 



detectors, and the output of the photo-detectors are 
differentially processed, that is the "up" and 
"down" signals are subtracted from each other, to 
generate a signal which can be decoded into bits 

5 of information. 

During the operation of the system 10 the 
double sided disks 31 are rotated at high speed, 
for example in the range of 2400 to 4800 revolu- 
tions per minute, by an electrical motor not shown. 

70 The sliders 83 are low-mass, low-profile, and air- 
bearing designed to fly at a height in the range of 
about 0.5 to 2 microns above the surfaces of the 
double sided disks 31 . To write or read information 
on the surfaces of the disks 31 the carriage body 

rs 60 is approximately positioned above a predeter- 
mined track, (commonly known as coarse seeking), 
and the lightbeam 22 is directed by the galvanom- 
eter 23 at the corresponding reflective surface 91 
of the prisms 90. The lightbeam 22 is deflected by 

20 the reflective surface 91 to the objective lens 67 
and focused by the components of the optical 
assembly exactly on one of the tracks of the disks 
31 (commonly known as fine seeking). 

Now, with reference to Figure 3, each of the 

25 disks 31, according to one embodiment of the 
invention comprise a single substrate 110 having a 
quadri-layer structure symmetrically formed on 
each side surface 1 1 1 thereof. The active layers of 
the recording media are formed entirely as thin-film 

30 layers which provide the disks 31 with a transpar- 
ent, low stiction, and asperity-controlled external 
surface topology compatible with the air incident 
lightbeam 22 and the low-flying read/write head 
assembly 66. That is, by using thin-film layers, the 

35 asperity or roughness of the outer surface of the 
disks 31 can be maintained at less than 60% of the 
predetermined fly height of the heads 66, nominally 
in the range of 0.5 to 2 microns. The layers com- 
prise in order, from the substrate 110 outward, a 

40 reflective layer 120, a dielectric layer 130, a record- 
ing layer 140, and a protective layer 150. 

The reflective layer 120 is generally formed of 
a metal alloy. The dielectric layer 130 is formed of 
a transparent material such as silicon nitride or 

45 aluminum nitride. For magneto-optical rewritable 
recording media there are well known a number of 
materials suitable for the recording layer 140, for 
example, materials made of a rare-earth transition- 
metal alloy, such Tb-Fe-Co. The Curie temperature, 

50 that is the temperature at which the coercivity of 
the material is negligible, for a Tb-Fe-Co alloy is, 
for example, in the range of about 180 to 220 
degrees Celsius. The compensation point tempera- 
ture, which can . be made lower than the Curie 

55 temperature by adjusting the relative proportions of 
rare-earth and transition metal components of the 
alloy, is in the range of about 60 to 130 degrees 
Celsius. The outer protective outer layer 150 is 
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formed of a transparent dielectric, by way of exam- 
ple, silicon nitride, specifically compatible with low- 
flying, air-bearing sliders 83. 

In order that those skilled in the art will better 
understand the practice of the present invention, an 
example of the present invention is given below by 
way of illustration and not by way of limitation. 

As shown in Figures 3 and 4, a grooved or 
"pre-formatted" disk 31 is prepared by: 1) molding 
a substrate 110 from a light weight, low warpage 
material, for example, bisphenol-A polycarbonate or 
a similarly characterized polymers; or 2) 
photopolymer ("2P") replication of a substrate; or 
3) chemically etching (contact printing) of a sub- 
strate made from a material such as glass or 
aluminum. Since the light beam 22 is air incident, 
and not through the substrate 110 (substrate in- 
cident), as in most conventional optical disks, the 
optical quality of the disk is of minimal concern. 
For example, the substrate 110 does not need to 
be corrected for birefringence or transmittance. As 
an advantage of the present invention, the sub- 
strate material can be selected to optimize weight, 
rigidity, durability, and cost. 

The substrate 110 has an outer diameter of 
130 mm, to make a so called industry standard "5 
1/4 inch" disk. The substrate 110 is formed with a 
centrally located circular hole 101 for mounting the 
fabricated disk 31 axially about the spindle 32 of 
the system 10, shown in Figure 1. The inner diam- 
eter of the hole 101 is 40 mm. The substrate has a 
nominal thickness of 1.2 mm. It should be apparent 
that other sizes may also be used. 

Each side surface 111 of the substrate 110 
includes a relief in the form of a plurality of con- 
ventional concentric grooves 33, as shown not to 
scale in Figure 4, commonly known as tracks. The 
grooves 33 which provide a physical structure for 
facilitating the guiding of the lightbeam 22 during 
operation of the optical system 10 are, by way of 
example, spaced apart about 1.0 urn. The grooves 
33 have, nominally, a width of about 0.4 urn, and a 
depth of 0.1 urn. The profile of the grooves 33 is, 
for example, V-shaped. Although an optical storage 
system 10 of the type that is used for random 
access typically has a grooved geometry that is 
concentric, disks having grooves formed in a spiral 
geometry may also be used. 

Since the size of the optical components in the 
head assemblies 66 requires a large inter-disk 
spacing compared to magnetic disk drives, dy- 
namic head loading becomes a practical problem. 
Therefore, each side surface 111 of the substrate 
110 can optionally include an annular non-grooved 
zone above which the head assemblies 66 are 
positioned during loading and unloading to improve 
reliability. During the operation of the system 10, 
when the sliders 83 are loaded or unloaded, they 



are positioned above the non-grooved zone. Thus, 
should there be an accidental touch-down on the 
surfaces of the disks 31 during operation, recorded 
information will not be destroyed. Also, if a non- 

5 grooved zone is included, the disk 31 can be used 
with an optical system 1 0 of the type that use static 
contact start/stop head loading techniques. With 
static contact start/stop loading the sliders 83 are 
resting or sliding on the surfaces of the disks 31 

w until the disks 31 attain sufficient angular velocity 
to permit the sliders 83 to fly at their norma! 
operational height above the surface. 

Built up on each side of the thus grooved, 
surface 111 of the substrate 110 are the various 

75 thin-film layers that comprise the recording media. 
Since each side surface 111 of the substrate 110 is 
built up as a mirror image of the other, the various 
layers will only be described with respect to one of 
the side surfaces 111. The layers are generally 

20 applied by conventional, thin-film coating tech- 
niques such as vacuum deposition or sputtering. 
Such techniques, are welt known in the art, and 
therefore do not require further description herein. 
It should be noted that the thin-film layers generally 

25 conform to the surface topology of the substrate. 

The reflective layer 120 is formed of a metal, 
for example, preferably an aluminum alloy. The 
purpose of the reflective layer 120 is to reflect the 
lightbeam 22 back through the recording layer 130, 

30 where destructive interference of the incident po- 
larization enhances light absorption, thereby en- 
hancing media sensitivity and Kerr rotation. Fur- 
thermore, the thickness of the reflective layer 120 
can be adjusted to optimize the thermal character- 

35 istics of the media. It has been determined that 
good reflective results can be obtained by having 
the reflective layer 120 be in the range of about 
200 to 500 Angstrom thick for a polycarbonate 
substrate 110. However, other thicknesses may be 

40 optimal for a substrate 110 made of a glass or 
metallic material. 

The transparent dielectric layer 130 is formed 
on the reflective layer 120 and typically comprises 
aluminum nitride or silicon nitride. The purpose of 

45 the dielectric layer is to enhance the Kerr effect 
and also to provide a corrosive resistant boundary 
between the reflective layer 120 and the recording 
layer 140. Good isolating results have been ob- 
tained with a dielectric layer 130 having a thickness 

50 in the range of about 150 to 400 Angstrom thick. 

The recording layer 140 is formed on the di- 
electric layer 130. The recording layer generally 
comprises a vertically oriented, amorphous mag- 
netic material, for example, a rare-earth transition- 

55 metal alloy, such as Tb-Fe-Co. The purpose of the 
recording layer is to provide the media with the 
capability- to store information in vertically biased 
magnetic domains. The domains have a length in 
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the circumferential direction in the range of about 
0.6 to 0.9 micrometer. Typically, the recording lay- 
er 140 is about 150 to 500 Angstrom thick, al- 
though other thin-film thicknesses may be appro- 
priate for amorphous magnetic materials of dif- 
ferent composition. 

The protective layer 150 is formed on the re- 
cording layer 140. One purpose of the protective 
layer 150 is to prevent corrosion of the recording 
layer 140. In addition, as another purpose, the 
surface of the protective layer 150 must be com- 
patible with the low-mass, air-bearing sliders 83 
comprising, for example, an aluminum oxide, 
titanium carbide (AbCb-TiC) material. Experimenta- 
tion with various materials has revealed that not all 
known protective coatings for M-0 medium, for 
example, aluminum nitride, silicon carbide, or sili- 
con dioxide, would allow the low-mass sliders 83 to 
fly reliably at low-heights, for example in the range 
of 0.5 to 2 microns. That is, with such tribologically 
incompatible materials the sliders 83 would even- 
tually fatally crash onto the surface of the media. 
According to the present invention, the preferred 
material for the protective layer 150, compatible 
with the low-mass air-bearing sliders 83 is silicon 
nitride (SiaNO. The protective layer 150 of silicon 
nitride having low-stiction and minimal asperity has 
a thickness in the range of about 400 to 800 
Angstrom. 

Advantages of the double-sided single sub- 
strate disk according to the present invention, here- 
tofore unobtainable by the prior art, include a low- 
profile rewritable optical media which can used with 
a reduced height multi-disk stack. Also, the disk 
can be made with less steps, and with lower cost 
materials. The double-sided, air-incident substrate 
as disclosed herein is of reduced weight and there- 
fore consumes less power during operation. Fur- 
thermore, the low-stiction, asperity-controlled disk 
is compatible with a dynamically loadable flying 
read/write head, permitting greater recording den- 
sities. 

Figure 5 shows an double-sided read-only op- 
tical disk 310 comprising a single substrate 320 
having a two layer thin-film structure symmetrically 
formed on each side surface 321 thereof. The 
layers comprise in order, from the substrate 310 
outward, a reflective layer 330 and a protective 
layer 340. 

The substrate 320 is prepared by molding a 
light-weight, low warpage material, for example, 
bisphenol-A polycarbonate or a similarly character- 
ized polymers. The thickness of the substrate 320 
is approximately 1.2 mm. Since the light beam 
used to read information recorded on the disk 310 
is air incident, that is c)irectly onto the recording 
media, and not through the substrate 320 as in 
most conventional optical disks, the optical quality 



of the substrate 320 is of a lesser concern. For 
example, the substrate 320 does not need to be 
corrected for birefringence. As an advantage of the 
present invention, the substrate material can be 
5 selected to optimize weight, rigidity, durability, and 
cost. 

The substrate 320 has an outer diameter of 92 
mm, to make a so called industry standard "3 1/2 
inch" disk. It should be apparent to one skilled one 

w the art that the substrate 320 can be made other 
sizes. Each of the side surfaces 321 of the sub- 
strate 320 includes a microstructure in the form of 
a plurality of depressions or pits 322, in a spiral or 
concentric configuration. 

75 The pits have a depth equal to 1/4 the wave 

length of the light beam used to read the disk 320. 
That is, the grooves 322 lengthen the path of the 
lightbeam by 1/2 a wave length to cause destruc- 
tive interference in the lightbeam. The profile of the 

20 pits 322 is generally squared. 

Built up on each side of the thus grooved 
surfaces 321 of the molded substrate 320 are the 
reflecting layer 330 and the protective layer 340. 
Since each side surface 321 is built up as a mirror 

25 image of the other, the layers 330 and 340 will only 
be described with respect to one of the side sur- 
faces 321. The layers 330 and 340 are generally 
applied by conventional, thin-film coating tech- 
niques such as vacuum deposition or sputtering. 

30 Such techniques, are well know in the art, and 
therefor do not require further description herein. It 
should be understood that the thin-film layers de- 
scribed herein with reference to Figures 5-7 gen- 
erally conform to the surface topology of the sub- 

35 strate, as is shown in the enlargement of Figure 5A. 

The reflective layer 330 is formed of a metal, 
for example, preferably an aluminum alloy. The 
reflective layer is typically in the range of about 
600 (+/- 200) Angstrom thick . The purpose of the 

40 reflective layer 330 is to reflect the lightbeam used 
to read the disk 310. . 

It should be noted that the photo-detector 21 of 
the optical assembly 20 can also be used with 
read-only media. Instead of differentially process- 
es ing the signals by subtraction as previously de- 
scribed for rewritable media, with read-only media 
the signals from the beam splitter are simply 
summed, since the modulations induced in the 
lightbeam 22 by the 1/4 wavelength relief 322 

50 cause the amplitude of the signals corresponding 
to the split lightbeam to rise and fall in phase. The 
summed signal is decoded to provide the bits of 
the read-only recorded information. 

The protective layer 340 is formed on the.re- 

55 flective layer 330. One purpose of the protective 
layer is to prevent corrosion or physical damage of 
the reflective layer 330. The protective layer 340 is 
made of a transparent dielectric material to a thick- 



7/2/2007, EAST Version: 2.1.0.14 



15 



EP0 613 127 A1 



16 



ness in the range of about 500 to 2000 Angstroms, 
preferably about 1000 Angstroms. In conventional 
read-only optical disks, the protective layer made 
of lacquer is about one hundred times the thick- 
ness, that is, in traditional lacquered disks the 
protective layer is in the range of 500,000 to 
200,000 Angstroms. Such lacquered surfaces gen- 
erally have a inferior asperity or flatness and are 
not compatible for use with a dynamically loaded, 
air-bearing low-flying read head. 

Experimentation with various materials has re- 
vealed that not all known protective coatings known 
for optical disks, such as aluminum nitride, silicon 
carbide, or silicon dioxide, would allow the read 
head to fly close to the surfaces 321 of the disk 
310. That is, with such incompatible materials the 
read head would eventually fatally crash onto the 
surface of the disk 310. According to the present 
invention, the preferred material for the protective 
layer 340, compatible with a low-mass air-bearing 
read head, is silicon nitride (SiaN*). By using a 
silicon nitride protective layer 340, the surfaces 321 
of the disk 310 have a superior asperity ratio per- 
mitting the read head to fly at sub-micron dis- 
tances, thereby permitting higher recording den- 
sities. 

Figure 6 shows a hybrid optical storage media 
which permits both* rewritable data and read-only 
data to be stored on a single disk. In one embodi- 
ment of the hybrid optical media, the disk includes 
a single substrate 420, having one side surface 421 
built-up with recording layers compatible with re- 
writable technique, and another side surface 422 
built-up with recording layers compatible with read- 
only techniques. For example, the side surface 421 
includes a reflective layer 430, a dielectric layer 
431, a magneto-optical recording layer 432, and a 
protective layer 433. The relief 444 on the side 
surface 421 is compatible with M-0 techniques. 
The side surface 422 includes a reflective layer 
440 and a protective layer 441 , as described herein 
for read-only disks. 

During operation of, when the system 10 is 
accessing information on the "rewritable" surface 
421 data may be written or read. When operating 
on the "read-only" surface 422 data can only be 
read. 

Figure 7 shows another embodiment of a hy- 
brid rewritable/read -only media. In this embodi- 
ment, some of the data on the side surfaces 521 
are rewritable, and some of the data are read-only. 
For example, a relief 551 in a first annular zone 
550 is compatible with read-only techniques, and a 
relief 552 in a second zone 560 is compatible with 
rewritable techniques. The layers 530-533 are in 
the form of a quadri-layer M-0 structure. When the 
system 10 is operating in the first zone 550 data 
can only be read. Whereas, in the second zone 



560 data can be written or read. The relative loca- 
tion of the tracks in the "read-only" and "rewrita- 
ble" zone can be predetermined or recorded on 
the media itself to permit variations in the location 

5 and size of the zones 550, 560 from disk to disk. 

Figure 8 shows yet another embodiment of a 
hybrid rewritable and read-only disk 660. According 
to this embodiment, some of the data within a track 
661 are made read-only, and some of the data are 

70 made rewritable. For example, the data in the area 
generally indicated by reference numeral 662 has a 
relief structure generally compatible with read-only 
techniques, for example, 1/4 wavelength pits. The 
data in the area indicated by reference numeral 

75 663 has a relief structure compatible with M-0 
rewritable techniques. When the system 10 is read- 
ing "read-only" data the outputs of the photo- 
detector 21 are summed, otherwise, when the sys- 
tem 10 is reading "rewritable" data the signals are 

20 differentially processed. This hybrid arrangement 
has the advantage that some data, such as servo 
and formatting data can be prerecorded and be 
protected from overwriting. Other data, such as 
user data, can be made rewritable. Thus a single 

25^ disk hybrid media can be constructed which com- 
bine the advantages of both read-only and re- 
writable recording techniques. 

While certain representative embodiments and 
details have been shown for the purpose of illus- 

30 trating the invention, it will be apparent to those 
skilled in the art that various changes and modifica- 
tions may be made in this invention without depart- 
ing from its scope. 

35 Claims 

1. An optical disk assembly for use with a light- 
beam and an air-bearing low-flying head of a 
rotary disk device for storing information, com- 

40 prising: 

a substrate having a microscopic relief 
formed on a side surface thereof to provide a 
pre-formatted structure for storing information; 
a thin-film reflective layer applied on said 

45 side surface to reflect an incident lightbeam 

used for reading information; and 

a transparent thin-film protective layer ap- 
plied on said reflective layer, the asperity of 
the surface of said protective layer being gen- 

50 e rally not greater than 60% of the predeter- 

mined fly height of the air-bearing low-flying 
head, and the composition of said protective 
layer having stiction sufficiently weak to allow 
the head to fly over the disk at said predeter- 

55 mined height during operation of the disk in a 

rotary disk device. 
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2. The optical disk as in claim 1 wherein said 
relief has a depth approximately equal to 1/4 
the wavelength of the lightbeam, wherein said 
protective thin-film, layer is transparent to be 
compatible with an air incident lightbeam. 5 

3. The optical disk as in claim 1 wherein said 
side surface is partitioned into a first and sec- 
ond annular zone, that portion of said side 
surface in said first annular zone including said io 
relief, and that portion of said side surface in 

said second annular zone being substantially 
flat. 

4. The optical disk as in claim 1 wherein said 75 
protective layer includes silicon nitride for use 

with a head made of an aluminum-oxide-car- 
bide material. 

5. A high density optical storage system for stor- 20 
ing information comprising: 

a plurality of disks axially mounted on a 
rotatable spindle, each of said disks having two 
side surfaces; 

a plurality of air-bearing low-flying heads 25 
to read information on said plurality of disks; 

each of said disks including a substrate 
having a microscopic relief formed on each of 
said side surfaces to provide a pre-formatted 
structure for storing information; 30 

a thin-film reflective layer on each of said 
side surfaces to reflect a lightbeam used for 
reading information; and 

a transparent thin-film protective layer on 
each of said reflective 35 
layers, the composition of said protective lay- 
ers having weak stiction and low asperity being 
effective to allow said heads to fly over said 
side surfaces of said disks during operation of 
the information storage system. 40 

6. A double sided optical storage media for a 
storing information in a high storage density 
information storage system comprising: 

a substrate having a first and second side 45 
surface, said first side surface having a micro- 
scopic relief formed on an annular portions 
thereof; 

a first thin-film reflective layer on said first 
side surfaces of said substrate to reflect a 50 
lightbeam; and 

a first transparent thin-film protective layer 
on said first reflective layer, the composition of 
said protective layers having stiction sufficient- 
ly weak and asperity sufficiently low to allow a 55 
read/write heads to fly over the double sided 
media at a predetermined low height during 
operation of the information storage system; 



a second thin-film reflective layer on said 
second side surfaces of said substrate to re- 
flect a lightbeam; and 

a transparent thin-film dielectric . layer ap- 
plied on said second reflective layer to isolate 
said second reflective layer; 

an optically sensitive thin-film recording 
layer applied on said dielectric layer, the com- 
position of said recording layer including a 
rare-earth transition-metal to magnetically store 
information; and 

a second protective layer on said record- 
ing layers, the composition of said protective 
layers having stiction sufficiently weak and as- 
perity sufficiently low to allow a read/write 
heads to fly over the double sided media at a 
predetermined low height during operation of 
the information storage system. 

7. The disk as in claim 6 wherein said relief in 
said first zone includes depressions having a 
depth of approximately 1/4 the wave a thin-film 
reflective layer on said side surfaces of said 
substrate to reflect a lightbeam; and length of 
the lightbeam, and the relief in said second 
zone is in the form of a groove. 

8. An optical storage media for storing read-only 
and rewritable data, comprising: 

a substrate having a side surface, said 
side surface including a relief, the read-only 
data recorded in a portion of said relief com- 
patible with read-only optical techniques, and 
the rewritable data recorded in a portion of 
said relief compatible with magneto-optical 
techniques; 

a thin-film reflective layer on said side 
surface of said substrate to reflect a lightbeam; 

a transparent thin-film dielectric layer ap- 
plied on said reflective layer to isolate said 
reflective layer; 

an optically sensitive thin-film recording 
layer applied on said dielectric layer, the com- 
position of said recording layer including a 
rare-earth transition-metal to magnetically store 
information; and 

a protective layer on said recording layer, 
the composition of said protective layers hav- 
ing stiction sufficiently weak and asperity suffi- 
ciently low to allow a read/write heads to fly 
over the double sided media at a predeter- 
mined low height during operation of the in- 
formation storage system. 

9. The media as in claim 8 wherein that portion of 
said relief for storing read-only data includes 
depressions having a depth equal to approxi- 
mately 1/4 of the wavelength of the lightbeam, 
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and that portion of said relief storing rewritable 
data being in the form of a groove. 
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